X-ray data on silicon, tetracyanoethylene, p-nitropyridine N-oxide and ammonium thiocyanate are refined with a generalized aspherical-atom formalism as introduced by Stewart, but modified to have a spherical valence more similar to the unperturbed HF valence shell. Several types of radial dependences of the multipole functions are tested and criteria are developed for judging the adequacy of the aspherical-atom refinement.
Introduction
The expansion of the charge density in a crystal in terms of a series of nucleus-centered spherical harmonic functions was first applied by DeMarco & Weiss (1965) and significantly complemented by Dawson (1967) and collaborators in their study of bonding in diamond-type structures. In the earliest treatment the radial function of the valence shell is that of the isolated atom, but the Dawson formalism allows a modified Gaussian radial function for all but the leading spherical term, which is assumed to have the same radial dependence as the isolated atom. A more flexible radial function consisting of a set of harmonic-oscillator wave functions was used by Kurki-Suonio (1968) and applied in the analysis of bonding in diamond, silicon, NaCI, AgCI and CaF2 (Kurki-Suonio, 1971 ). Least-squares adjustment of the parameters in the Dawson model was carried out by McConnell & Sanger (1970) , while Stewart (1969 Stewart ( , 1973a first introduced density basis functions which apply to the atoms at rest rather than the thermallysmeared atoms. In the general case of point symmetry 1, Stewart's functions include a full set of spherical harmonics, truncated at a level chosen by prac:tical considerations such as adequacy in describing the aspherical deformations and available computing facilities.
A related model using angular functions of cos" type, which are linear combinations of spherical harmonics, was developed by Hirshfeld (1971) and Harel & Hirshfeld (1975) , and applied to a number of organic molecules.
* Electron Population Analysis of Accurate Diffraction Data. VI. Part V: Cooper, Larsen, Coppens & Giese (1973) . Am. Mineral. 58, Such models have the obvious merit of providing an analytical description of the charge density and may be used in the calculation of physical properties based on the charge-density distribution (Stewart, 1972) . As their use should increase as more accurate data sets become available a critical analysis of the results has been undertaken.
For this analysis we have chosen a number of X-ray and neutron data sets specifically collected for chargedensity studies. A program was developed which includes the refinement of all structural, extinction and electron density parameters, the latter up to and including the hexadecapole (l = 4) terms. Based on early experience, the spherical component of the valence shell was not described by a single Slater-type exponential expression, but by a function more closely related to the density in the unperturbed, free atom.
The electron density model
The density model consists of a superposition of harmonically vibrating aspherical atomic density distributions: atoms p(r)= ~ pk(r--rk--u),tk(u), 
A_+=\ ~ / "
Here Pc, P, and Plm are population coefficients. The total number of electrons associated with one atom is equal to Pc + P~ + P00, since the higher terms with l 4= 0 integrate to zero when integration is performed over all space. The functions Pcore and Pvalence are chosen as the Hartree-Fock (HF) densities of the free atoms normalized to one electron, but the valence function is allowed to expand and contract by adjustment of the variable radial parameter x' (Coppens, Guru Row, Leung, Stevens, Becker & Yang, 1978; .* The radial functions Ri(r ) of the other terms are C nt~ 3 Rt(r ) ----r', exp (--~lr) (3) (n I + 2)! where in principle n t can take any positive integer value. * It may be noted that P¢ore and Pva~e.¢e are constructed from the canonical Hartree-Fock atomic orbitals.
Starting values of the orbital exponent ~ are modified by a variable parameter x", such that ~" = !c"~.
The spherical harmonic functions Ytm and the normalization factors based on j lylmldr = 2 (except for l : 0 in which case J lytmldZ = I is used) are listed in Table I . This normalization implies that with P~m = 1 one electron has been moved from the negative to the positive lobes of the deformation functions with P _> 1.
The structure factor expression corresponding to (2) 
where f¢or~ and fvalence are the Fourier transforms of P¢o,~ and Pvatence respectively and q~kt is the Fourier-Bessel transform of R kt, defined as:
The temperature factor T k is the Fourier transform of tto and hp and rip are symmetry-transformed scattering and position vectors. We note that the model reverts to the free-atom model when x' = 1 and the Pktm'S are zero. It is in this respect similar to Hirshfeld's deformation model (Harel & Hirshfeld, 1975) , but different from the single Slater-type models used by a series of authors (Cromer, Larson & Stewart, 1976; Price & Maslen, 1978; Chen, Trucano & Stewart, 1977) .
Expression (4) has been used in a least-squares program MOLLY which is an extension of the general structure-refinement program LINEX74. The program allows refinement of positional, harmonic-anisotropic-vibration and extinction parameters (according to Becker & Coppens, 1975) as well as the population coefficients P,, Pklm and the radial parameters x' and
x" for each atom. Atoms can be constrained to share a set of radial expansion functions. The number of population coefficients can further be reduced by applying chemical symmetry as discussed by Hirshfeld (1971) and Stewart (1973a) . In the present version of the program the total charge is constrained so that the crystal remains neutral during the refinement.
Criteria for judging aspherical atom refinements
Though an aspherical-atom (multipole) refinement based on expression (1) may lead to a lowering of the agreement indices, the improvement is not necessarily significant because of the large number of parameters involved, and results are not necessarily physically meaningful as they may be affected by parameter correlation or systematic errors in the measurements. The following tests of the multipole refinements have therefore been applied.
(a) Significance of improvement of the fit between calculated and observed structure factors
For an adequate model the goodness of fit g, defined
should tend towards 1 as refinement proceeds. For a refinement on F, A equals I Fo~ sl --I kFcalcl, w i represents the weight assigned to each of the reflections from an estimate of experimental accuracy and v is the number of degrees of freedom (i.e. the number of independent observations n, minus the number of independently varied parameters p).
In comparison of different models we shall use the error function e = vg2= ~. WiZI ~ (7) which follows a X 2 distribution with v degrees of freedom for a fully refined model. As shown by Hamilton (1964, 5-4) the error function can be tested by a modification of the R-factor test:
n--p where d is the dimensionality of the hypothesis, and the tabulated F distribution is the ratio of two X 2 distributions.
(b) Residual density maps
A residual density map, from a Fourier summation based on (1/kFobs)-IFcatcl as is commonly used in structure analysis will show to what extent the multipole expansion has been successful in describing the features of the density distribution. It does not contain information, however, on the significance of residual features. For this purpose the residual density distribution may be compared with a map representing the position dependence of the estimated standard deviation in Pods as described by Rees (1976 Rees ( , 1977 and calculated in several previous studies (see, for example, Stevens & Coppens, 1976; Coppens, Yang, Blessing, Cooper & Larsen, 1977) .
The error distribution in the observed total density in the plane of the tetracyanoethylene (TCNE) molecule, calculated with a program written by E. D. Stevens, is shown in Fig 
(c) Parameter bias
A successful refinement should give parameters with minimal bias due to atomic asphericity. The rationale for this requirement is twofold. First, deformation maps (i.e. total minus 'sum of spherical atom' densities) are quite sensitive to errors in positional and thermal parameters, and second, physical properties to be calculated from the refinement results, such as dipole and quadrupole moments, depend on the nuclear positions as well as on the charge distribution.
As a test, parameters from the aspherical-atom refinements are to be compared with neutron diffraction results, while for thermal parameters conformity to the 'rigid-bond postulate' proposed by Hirshfeld (1976) will be examined.
(d) Comparison of X -N and multipole deformation maps
A dynamic multipole deformation map, with Fourier components truncated at the experiment resolution may be defined as
where Fmultipole, deformatio n is as defined in (4) and includes the deformation of the spherical valence shell component.
As the X -N and multipole deformation maps represent the same information a comparison of the two functions is a further test of the calculational methods involved.
Both functions are affected by errors in the extinction correction and the scale factor, though in a somewhat different way. Whereas the X -N maps are directly dependent on these factors, they only enter the multipole deformation maps through correlation with other parameters. The promolecule densities (i.e. the density corresponding to a superposition of spherical atoms with experimental thermal motion) are also somewhat different in the two cases because the parameters from the neutron and aspherical atom refinements are used respectively. The differences can be summarized as follows:
Pdef, X -N --Pdef, multipole : APscale, extinction + APpromolecule
where the last term is the residual density after completion of the multipole refinement. The first two terms on the right-hand side contribute mostly in the regions near the nucleii, while the residual density may be significant everywhere in the unit cell.
(e) Derived properties
One of the justifications for performing the multipole refinement is the experimental determination of derived physical properties (Stewart, 1972) . Properties such as net molecular charges, dipole and quadrupole moments may also be obtained by direct-space integration of the experimental charge distribution. A comparison of dipole moments for a number of molecules will be described in a following publication (Guru Row, Hansen and Coppens, to be published). 
Details on the data sets and least-squares requirements
Data sets on silicon, tetracyanoethylene, p-nitropyridine N-oxide and ammonium thiocyanate were used in the analysis. Details are summarized in Table 2 and are further discussed below. Some initial refinements showed that the variable valence shell (the 'first' monopole) was sufficiently flexible and that the second 'Slater-type' monopole II = 0 in expression (2)] did not improve convergence. All refinements were therefore limited to one monopole valence function per atom.
(a) Silicon
The structure factors of silicon are of unusual accuracy. They were measured with the Pendell6sung fringe method by Aldred & Hart (1973) . Four reflections from a similar data set by Hattori, Kuriyama, Katagawa & Kato (1965) were added, as were the intensities of the weak forbidden 222 and 442 reflections as measured by Roberto & Batterman (1970) and Trucano & Batterman (1972) respectively. These 222 and 422 reflections are forbidden according to the spherical-atom model but allowed in more general formalisms such as expression (2). As described by Dawson (1967) and by Stewart (1973a) , the only multipole deformation functions allowed for the tetrahedrai site symmetry of the Si atom are one octapole and one hexadecapole, the latter being a combination of Y40 and y44+ (Table 1) 
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where hx, h y and h z are the components of h along the axes of a local atomic coordinate system.
(b) Tetracyanothylene (TCNE)
The electron density analysis of TCNE with both Xray and neutron diffraction data has been described previously (Little, Pautler & Coppens, 1971; Becker, Coppens & Ross, 1973) . As the severe extinction was originally treated with the Zachariasen formalism, both X-ray and neutron refinements have been repeated with the modified formalism of Becker & Coppens (1975) . The effect of the improved extinction model is to bring the X-ray and neutron thermal parameters in closer agreement, though the latter are still significantly lower than the X-ray values.
The center of the TCNE molecule occupies a site of mmm symmetry, so that only two carbon atoms and one nitrogen are symmetry independent. All symmetryallowed multipoles up to and including the hexadecapole level were included. The two carbon atoms shared one set of radial functions. With this restriction the total number of parameters is 61.
(c) p-Nitropyridine N-oxide (PNPNO)
The X-ray and the neutron data for PNPNO were measured at 30 K (Wang, Blessing, Ross & Coppens, 1976; Coppens & Lehmann, 1976) , but while the X-ray data were collected up to sin 0/2 = 1.00 A -~ the neutron data set only extends to 0.55 A -~. It was found that the noise level in the difference maps based on high-order (X --XHO ) and neutron (X-N) parameters becomes excessive if reflections above 0.75 A -~ are included. By employing a multipole model, deformation maps without the unwanted noise can be calculated. This is especially desirable in the study of the N--O bond regions, where X -XHO and X --N maps do not indicate any significant density.
The PNPNO molecule lies in a crystallographic mirror plane. To reduce the number of parameters the multipole coefficients were constrained to obey an additional, local mirror plane perpendicular to the molecule. No constraints were imposed on the positional and thermal parameters, which are more accurately determined than the multipole coefficients, except for those of the hydrogen atoms which were fixed at their neutron diffraction values. For C, N and O atoms all mm symmetry-allowed population coefficients up to, and including the hexadecapole level were varied, while for the H atoms only one monopole and a bonddirected dipole were refined. The total number of variables was 154.
(d) Ammonium thiocyanate (NH4SCN)
An X-ray and neutron analysis of NH4SCN has been described by Bats & Coppens (1977) . The model for the atoms in the SCN group included all multipoles up to the octapole level plus the hexadecapole functions with cylindrical symmetry around the SCN molecular axis. For the nitrogen atom in the ammonium group only a monopole and the octapole and two hexadecapole functions allowed for tetrahedral symmetry (as described for silicon) were varied, but unlike silicon the relative occupancy of two hexadecapoles was not (1) 1.00 (1) 5727 (27) 5725 (34) constrained. The hydrogen atoms were treated as in the case of PNPNO. The two nitrogen atoms were assigned independently variable radial functions. The number of refined parameters was 11 I.
Choice of radial function coefficients
The multipole model defined by (1) leaves the values of n t and the relative values of ~t for successive multipoles to be selected. The choice of n t will be mainly based on the origin of the multipole density functions as product of atomic orbitals. A scheme for the orbital exponents was selected on the basis of a series of TCNE refinements.
(a) Choice of n t for first-row atoms Stewart (1977) has shown that if the model with a single exponential radial function is to obey Poisson's electrostatic equations at the atomic nucleus the condition n t > I must be fulfilled.
If bond density is neglected the multipole density functions can be related to products of atomic orbitals which occur in the quantum-mechanical one-electron density function. Monopolar, dipolar and quadrupolar density functions will result, for example, from ss, sp and pp type orbital products respectively, which suggests the choice of n t = 2 for all three types of functions in the case of first-row atoms.
Similarly, octapoles and hexadecapoles can be thought of as arising from 2p3d and 3d3d atomic orbital products which would lead to n t = 3, 4 respectively. This argument is of course much weaker as 3d orbitals are not occupied for first-row atoms and the higher multipoles in fact solely represent the density in the bonds around an atom. Nevertheless, we have used the following scheme based on the simple orbitalproduct argument: Radial function --Nr "t exp (-~r), i.e. ~ is equal for all multipoles *ModelI:
!--1234 tModelII: 1--1 234 nl(S) --4 4 4 4 nt(S) -4 4 6 8 nt(C,N) --2 2 3 4. nt(C,N) --2 2 3 4.
(b) Choice of n t for second-row atoms
For second-row atoms the orbital-product argument leads to n t = 4 for all deformation functions. This means that all radial functions would be identical if all values were equal, whereas in the first-row atom scheme described above the higher poles are more diffuse.
As silicon refinements with only an octapolar deformation function gave a best fit for n 3 --6, a set of n t values increasing with l: n~ = 4, n 2 = 4, n 3 = 6, n 4 = 8 was compared with the n~ = n2 = n3 = n4 model. The results for silicon and NH4SCN , summarized in Tables  3 and 4 , indicate improved agreement with the more diffuse higher multipoles. Though this search is obviously not exhaustive, its conclusions were confirmed by examination of the residual density maps.
(c) Coupling of ( l values of successive multipoles
In the refinement of TCNE three models for '~ coupling' were examined. In the first the ~'s of successive poles were adjusted so that all functions peak at the same distance from their center using the equality rma x = nt/~. In the third model, on the other hand, all orbital exponents were equal for each atom, so that with the nt values selected above, the higher multipoles peak further away from the atoms on which the multipoles are centered (Fig. 2) .
The second model is intermediate with ~ value ratio's which are the average of those of the other two models. The peak positions and ~ values of the three models are illustrated in Fig. 3 .
Results of the TCNE refinement (with structural parameters fixed at the neutron diffraction positions) are summarized in Table 5 . The best fit of the data is obtained with model III, in which the orbital exponents are the same for all l, and the higher multipoles more diffuse than the dipolar and quadrupolar terms. The improvement is highly significant according to the F test on the error function although it must be emphasized that the tested hypothesis is highly nonlinear. For silicon models I and III were tested and were found to fit about equally. A ground state 3sZ3p 2 starting function for the monopole gave better agreement than a prepared state 3s 3p 3 function (Table 3) (11) 1.021 (8) 2.49 (9) 5.14 (37) * First value for the cyanide nitrogen, second for ammonium.
We note that formally model III is also in agreement with the orbital-product argument: if the octapolar and hexadecapolar functions would arise from d orbitals ~they would naturally be more diffuse. A physically more acceptable argument is that the higher functions effectively account for density in the covalent bonds which are relatively distant from the nuclear centers. Though our refinements suggest a preference for the choice of more diffuse functions for higher multipoles, the conclusions are without further testing only applicable to first-row atoms. The behavior of transition metals in which d orbitals are populated cannot be inferred from these tests. the case of sulfamic acid (NH3SO3) they clearly showed residual density on the N--S bond axis when for practical considerations the nitrogen expansion was truncated at the octapole level (Guru Row, Hansen and Coppens, to be published).
Positional parameters
Even though in TCNE the C-N bond lengths from the neutron and multipole refinements are almost equal [1.145 (1) and 1.146(4) /k respectively], the agreement between the nitrogen coordinates is poor, as illustrated in Fig. 4 . Relative to the neutron result the
(d) General comments on ~ values
Radial-parameter values from the refinements are listed in Table 6 . Though the expansion-contraction parameter x' of the first monopole is close to one, a large variation is found in x" (and therefore x"0 for the same atom in different environments. An analysis of the improvement of fit on variation of x" indicates very strongly that such a variation is essential. Bentley & Stewart (1976) determined ~ values from a multipole analysis of theoretical diatomic molecule densities using restricted radial functions of the type r" exp(-~r) common to both the spherical valence shell and the higher deformation functions. When the valence shell and the deformation functions are linked in this way very little variation between ~ values for different molecules is found. However, when higher poles are added successively to the model, as in the experimental analysis of diamond (Stewart, 1973b) , values decrease, in agreement with our experience that the higher poles should be more diffuse, and preferably not be coupled to the leading term describing the spherical valence shell.
Application of the refinement criteria: the adequacy of the aspherical atom treatment

Goodness of fit and residual densities
In all cases the aspherical-atom formalism leads to a highly significant decrease in the error function e in comparison with the spherical-atom refinement. There is a corresponding improvement in the residual maps, which, however, fail to give indication of the positionalparameter error of the nitrogen atom in TCNE. As discussed below this error is large and attributed to high correlation between the positional parameters and dipole population coefficients. The residual map gives information on the goodness of the fit and not on the physical significance of the least-squares parameters! Nevertheless, we have found the maps to be useful in judging the completeness of the multipole expansion. In nitrogen position from the aspherical atom refinement is displaced by 0.014/i, in a direction perpendicular to the triple bond. For PNPNO smaller, but similar discrepancies (of 0.005 and 0.006 A) are observed for the terminal oxygen atoms in the nitro group (Fig. 5) . These deviations must be considered significant as the standard deviations of the differences are 0.002 A. Unlike TCNE, the discrepancies in PNPNO are also found in spherical-atom X-ray refinements. Assuming that the neutron parameters are correct within their statistical error range, the explanation based on comparison of X -N and multipole deformation densities (Fig. 8) is that the multipole model (and of course the conventional spherical-atom model) has not been able to describe the asymmetry of the lone-pair features around the oxygen atoms. As a consequence, these atoms are displaced toward the higher of the two lonepair peaks.
Mean square discrepancies between sets of PNPNO positional parameters (excluding those of the hydrogen atoms) are summarized in Table 7 . The multipole neutron differences are not significant when the oxygen atoms of the nitro group are excluded from the comparison, the allowed deviation in a 95% confidence interval of a 2 '2 distribution (with a number of degrees of freedom equal to the number of parameters) being 2.31 × I0 -3 A. We note that for this set of atoms the multipole parameters appear superior to the sphericalatom and high-order values, as was the case for the carbon atoms in TCNE.
Differences for NH4SCN are small (Fig. 6) , though the multipole geometry again agrees better with the neutron geometry than the results of conventional and high-order refinements.
The bias in the multipole positional parameters seems thus limited to some of the terminal atoms. The difficulty may arise from possibly large correlations between positional and dipole population parameters (Stewart, 1976) . To analyze this correlation we have transformed the variance-covariance matrix to refer to the positional parameters in the same local coordinate systems in which the multipole deformation functions are defined. These local orthogonal systems are chosen With such large correlations (up to 0.97) the actual parameter values will be very sensitive to even small errors in the structure amplitudes, and the large discrepancy in the nitrogen position can be understood.
Thermal parameters
The thermal parameters from the different refinements can be compared using two statistical approaches. We may test the value of against a X 2 distribution with n degrees of freedom. In both expressions the sets x~/ and x2/ represent the thermal parameters from two different refinements. The X-ray and neutron thermal parameters are compared in Table 9 . There is no clear trend in A m for the multipole and neutron refinements, A,. being negative for TCNE (carbon atoms only) and PNPNO and positive for NH4SCN. In this last case the deviation from zero is significant, indicating that the multipole (and other X-ray) temperature parameters are generally higher than the neutron values. We note that especially the X estimator indicates less scatter of the multipole results around the neutron values than is the case for high-order and conventional parameters.
A more physical criterion is provided by the 'rigidbond postulate' proposed by Hirshfeld (1976) . It states that for two atoms covalently bonded to each other their mean square amplitude of atomic vibration in the bond direction should be identical.
If the rigid-bond postulate is valid it should be obeyed by the neutron parameters as well, since these are not biased by the electron density distribution. Data summarized in Table 10 indicate this to be true in all cases within twice the standard deviations.
The vibrational amplitudes from the multipole refinement are in good agreement with the rigid-bond postulate. Except for TCNE there is a striking improvement relative to the full-data spherical-atom results.
Comparison of multipole and X-N deformation maps
Since the deformation functions used are smooth functions the multipole deformation map [defined by expression (9)] may be expected to be free of some of the noise present in X -N maps which are calculated more directly from the experimental data. Such 'noise filtering' is apparent in Figs. 7, 8 and 9 in which the two types of dynamic deformation functions are composed.
Except for TCNE, for which the large parameter shift of the nitrogen atom is evident, the agreement between X -N and multipole maps is good. The largest improvement is obtained in the PNPNO multipole deformation map (sin 0/2 < 0.65 A-~), in which the random features of the X -N map have disappeared. This is attributed to the noise-filtering, and also to the inclusion of many very weak reflections which were omitted from the X -N density because of their relatively large experimental standard deviations.
An additional uncertainty in the X --N maps originates from errors in the phases as calculated from the promolecule density. Examination of the structure factor lists for PNPNO and NH4SCN shows a few changes in sign between the promolecule and multipole model structure factors. The corresponding error in the density in these cases is estimated to be less than 0.02 e A -3 anywhere in the unit cell. But the effect on the X -N map is more severe for non-centrosymmetric structures (Coppens, 1974) . The dependence of the phases of non-centrosymmetric crystals on details of the multipole model remains to be investigated.
The ability to obtain improved deformation maps must be considered a major consideration in favor of the aspherical atom refinement. But the experience with TCNE shows that such maps should not be accepted without critical examination of the multipole refinement's parameters.
Effect of resolution on the multipole maps of PNPNO
Though the p-nitropyridine N-oxide X-ray data extend to sin 0/2 = 1-00/k -1 the map discussed above only contains reflections up to 0.65 A -l, as inclusion of further high-order reflections in the X -N maps leads to a greatly increased noise level. The multipole deformation maps are not subject to this limitation and two additional maps with cut-offof 1.00 A -1 (Fig. 10a ) and 1.20 A -1 (Fig. 10b) were therefore calculated.
The most impressive difference between Fig. 10a (sin 0/2 < 1.00 A -l) and Fig. 8(b) (sin 0/2 < 0.65 A -1) is the sharpening of the N-O bond and oxygen lonepair peaks upon inclusion of high-order reflections. This is a clear demonstration of the persistence of valence scattering into the high-order region in agreement with earlier conclusions (Coppens & Lehmann, 1976) , and explains why no N-O bond peaks were found in the X -N map at limited resolution. The peaks in the other bonds become more elongated along the bond direction when resolution is improved, in the case of C-N this is accompanied by a polarization of the bond density, the bond peak in all three C-N bonds moving closer to the more electronegative nitrogen atom. Very little difference is observed, on the other hand, between the two high-resolution maps, the second of which extends the model density beyond the experimental limit. This suggests that the restricted multipole model including thermal smearing may not describe features that are sharper than what is implied by the experimental resolution. This conclusion is supported by similar experience upon increasing the cut-off in the NH4SCN model map from 0.75 to 1.10 A -l.
Refinements with fixed positional and thermal parameters
For TCNE and PNPNO a number of refinements were carried out with the positional and thermal parameters fixed at the neutron values. As may be anticipated the corresponding multipole deformation maps show differences near the atomic positions when comparison is made with the all-parameter refinements.
In PNPNO especially, often sharp features near the atomic positions resulted. Fox, Craven & McMullen (1977) have reported that a good fit to X-ray data on parabanic acid with neutron positions fixed, required addition of a sharp dipole function to the multipole expansion for the oxygen atoms. This appears to be similar to our experience and could reflect random errors in the neutron parameters instead of a true polarization of the oxygen atoms. By fixing the parameters at neutron values experimental uncertainties in the neutron experiment are not properly taken into account. An attractive solution to this problem appears to be the joint refinement of X-ray and neutron data in the multipole approximation. Such refinement with a modification of the program MOLL Y will be discussed in a future publication (Price, Hansen and Coppens, to be published).
Concluding remarks
The aspherical atom refinement leads to a significantly improved and in general physically meaningful fit to the experimental data. The deformation maps obtained contain less noise and often show more detail due to inclusion of weak reflections than X -N maps. But some caution is necessary because the multipole expansion may be incomplete with respect to detail present in the data set and the refinement sometimes leads to erroneous positional parameters, especially in the case of terminal atoms. Such occurrences may be recognized, however, by examination of residual maps and by comparison of parameters with those from other X-ray and neutron refinements. With these precautions the multipole model may be used to obtain molecular dipole and quadrupole moments. Such applications are presently being explored. 
